The first synthesis of alphitonin-4-O-β-D-glucopyranoside (1) was described. Since, the nitrile group, a strong hydrogen bond acceptor with a significant solvation shell, is considered to have capacity comparable to sugar for facilitating the cell membrane permeation of the molecules, several alphitonin-4-O-β-Dglucopyranoside and maesopsin-4-O-β-D-glucopyranoside analogues were prepared by replacing glucopyranose moieties with acetonitrile groups. Immunostimulating activity evaluation on lymphocyte proliferation indicated that the compound 7 with an acetonitrile group at OH-4 of alphitonin had a strong stimulation effect on lymphocyte proliferation. Interestingly, when tested against the normal cell NIH/3T3, 7 had no inhibition even at the concentration of 100 μg/mL.
Auronols,
2-hydroxyl-2-benzylcoumaranones constitute an uncommon class of flavonoids which occur rarely in nature. In the chemical sense, this class of compounds is considered as hydrated aurones. The unique structure of auronols has attracted considerable attention of organic synthetic groups [1a-d] . A number of auronols glycosides were found from a natural source. Alphitonin-4-O-β-Dglucopyranoside (1) was isolated from the leaves of Artokapus tonkinensis [2] and maesopsin-4-O-β-D-glucopyranoside (2, hovetrichoside C) was found in several plant species such as Hovenia trichocarea [3] , Punica granatum [4] , Rhus parviflora [5] and Artokapus tonkinensis [2] . Previously, alphitonin-4-O-β-Dglucopyranoside (1) and maesopsin-4-O-β-D-glucopyranoside (2) were reported to have a strong inhibition of lymphocyte transformation [2] . The activity of these compounds was comparable with cyclosporin A which is an immunosuppressant drug widely used in organ transplantation to prevent rejection [2] . Thus, these auronol glucosides may act as a sensitive trigger for lymphocyte proliferation. It was known that the sugar moiety of glycoside compounds in many cases plays an important role to improve the bioactivity of aglycones by facilitating the cell membrane permeation of the molecules. Previous studies demonstrated that the nitrile group, a strong hydrogen bond acceptor with a significant solvation shell, could make bond with amino acid, protein backbone or water to permeate cellular membrane [6] . In some cases, the acid groups or glycoside groups were replaced by the nitrile functionality to afford more efficacious activation of drugs [7] .
In this communication, we report the first synthesis of alphitonin-4-O-β-D-glucopyranoside (1), and the preparation of alphitonin and maesopsin derivatives by replacement of glucopyranose moieties of 1 and 2 with acetonitrile groups. The immunostimulating activity in vitro of the synthetic derivatives was also evaluated.
The synthesis of alphitonin-4-O-β-D-glucopyranoside (1) was described in Scheme 1. In the first step, alphitonin (4) was synthesized by thermal conversion of taxifolin (3) in deionized water at 155°C according to the previous reports [1b,d]. The glucosylation of 4 was examined under different conditions. The first attempts were treatment of 4 with acetyl protection glucosyl bromide by using a combination of either ZnCl 2 , CdCO 3 , HgI 2 or Ag 2 CO 3 with K 2 CO 3 . However, under these reaction conditions, the desired intermediate 5 was not detected. Compound 5 was then successfully obtained in 39% yield, by treatment of 4 with acetylated glucosyl bromide in the presence of a combination mixture of K 2 CO 3 /CsCO 3 . The selective glucosylation of the hydroxyl at C-4 was clearly determined by NMR spectroscopic analysis of compound 5, especially by HMBC spectrum in which a strong cross-peak of C-4 at δ C 157.7/157.5 with the anomeric proton of the glucopyranose moiety at δ H 5.32/5.22 was observed. Finally, compound 5 was treated with aqueous NaOH solution in a mixture of MeOH/H 2 O at 0°C to afford the alphitonin-4-O-β-Dglucopyranoside (1). The NMR data of the synthetic alphitonin-4- O-β-D-glucopyranoside (1) was identical with the reported values [2] . Thus, alphitonin-4-O-β-D-glucopyranoside (1) was synthesized in 13.0% overall yield from taxifolin (3). Since, alphitonin-4-O-β-D-glucopyranoside (1) was present in very small quantity in the plant Artokapus tonkinensis [2] , this synthesis allowed obtaining a sufficient amount of 1 for biological activity study.
The analogues of alphitonin-4-O-β-D-glucopyranoside (1) and maesopsin-4-O-β-D-glucopyranoside (2) by replacement of glucopyranose moieties with acetonitrile groups were prepared by treatment of alphitonin (4) or maesopsin (6) with chloroacetonitrile under the basic condition (Scheme 2). The selective alkylation of OH at C-4 was observed when a molar equivalent ratio of 1.0/1.1/1.1 for alphitonin (4) or maesopsin (6)/chloroacetonitrile/ NaOH was used to afford compounds 7 or 8. The di-O-alkylation derivatives 9 or 10 were formed when the reactions were carried out with a molar equivalent ratio of 1.0/2.2/2.2 for alphitonin (4) or maesopsin (6)/ClCH 2 CN/NaOH, respectively. The selective Oglucosylation or O-alkylation of OH at C-4 over the other OH groups in the structures of alphitonin (4) and maesopsin (6) suggested that the OH at C-4 possesses highest acidity and therefore generates most easily the corresponding phenolate. This is not in the case of flavonones or flavanones where the OH at C-4 (OH at C-5 in the flavonone numbering) is in the chelated form [8] .
The synthetic compounds were evaluated in vitro for their stimulation effect on lymphocyte proliferation. The results were expressed by stimulation index (SI) values. The SI value of 1.5 is considered to increase 50% lymphocyte proliferation. Compound 7 exhibited a strong stimulation effect with an SD 50 (the dose that increases 50% lymphocyte proliferation) value of 11.07 μg/mL (Table 1 ). The remaining compounds had weaker stimulation activity on lymphocyte proliferation. Comparison of activity between 7 (acetonitrile group at OH-4) and 1 (glucopyranose at OH-4) revealed that the replacement of glucopyranose by acetonitrile group significantly increased the stimulation effect on lymphocyte proliferation. Also, since 7 (R 1 = OH) was more active than 8 (R 1 = H) and the di-O-alkylation derivative 9, the hydroxyl groups at C-3′ and C-6 are critical for their stimulation activity. Cytotoxicity of the synthetic auronols was also tested against the normal cell line NIH/3T3 (mouse embryonic fibroblast cell line). All the tested compounds had no or very weak cytotoxicity (Table  2) . Especially, compound 7, the strongest stimulator on lymphocyte proliferation had no inhibition even at the concentration of 100 μg/mL. This is an important discovery for further intensive study of nitrile compound 7. 
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Due to tautomeric equilibrium [2] , the duplicated signals were observed in the NMR spectra of 5. 
Procedure for synthesis of alphitonin-4-O-β-D-glucopyranoside (1):

Stimulating activity assay:
The lymphocytes were isolated from healthy rabbit blood by gradient specific weight centrifuge over Ficoll layer with a speed of 3,000 rounds/min for 30 min, according to a routine procedure of the Bioassay Lab of the Institute of Biotechnology, Vietnam Academy of Science and Technology. The cells (180 L, 2 × 10 6 cells/mL) were seeded into 96 wells microtitre plates. The samples with different concentrations in DMSO/H 2 O (1/9, 20 L) were added to the wells. After 48 h incubation at 37°C in air/CO 2 (95:5) with or without test compounds, cell growth was estimated by MTT assay [9] . The concanavalin A was used as positive control, while the wells without test samples were considered as negative control. Stimulation index (SI) values were calculated as follows:
Cytotoxicity Assay: NIH/3T3 cells were maintained in Dulbecco's D-MEM medium, supplemented with 10% fetal calf serum, L-glutamine (2 mM), penicillin G (100 UI/mL), streptomycin (100 μg/mL) and gentamicin (10 μg/mL). Stock solutions of compounds were prepared in DMSO/H 2 O (1/9), and the cytotoxicity assays were carried out in 96-well microtiter plates
